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FePt/Au/FePt nanopillars with current-perpendicular-to-plane geometries were fabricated, and
current induced magnetization switching was demonstrated. Resistance measured with sweeping
current showed the resistance change due to the change of the magnetization alignment of the two
FePt layers, which was interpreted as the magnetization switching by spin-polarized current. The
critical current density for the magnetization switching of the FePt layer with a uniaxial magnetic
anisotropy of 2106 ergs/cm3 was of the order of 108 A/cm2. © 2006 American Institute of
Physics. DOI: 10.1063/1.2176064INTRODUCTION
Manipulation of magnetization vectors in magnetic
nanostructures is an important issue to realize large-scale in-
tegration and/or high storage density in spin electronic de-
vices, as magnetic random access memory MRAM, for ex-
ample. Recently, a switching method using spin-polarized
current, what is called the current induced magnetization
switching CIMS, was predicted1,2 and many experimental
demonstrations have been reported in nanopillars with me-
tallic multilayers3–9 and magnetic tunnel junctions.10,11 One
of the great advantages of CIMS is that the required current
for switching decreases as the size of the magnetic element
decreases. That is in contrast to the conventional switching
method using an external magnetic field, which requires
larger switching current with decreasing magnetic element
size. However, magnetic elements with low dimensions si-
multaneously give rise to another serious problem: thermal
fluctuation of magnetization vectors. Actually, a small
switching layer using a Co-based alloy shows a thermally
fluctuated magnetization at room temperature.11
In order to overcome the thermal instability of magneti-
zation, the utilization of a magnetic material with high mag-
netic anisotropy as a switching layer is a possible solution.
The FePt alloy has a large uniaxial magnetic anisotropy, par-
ticularly, Ku=7.010
7 ergs/cm3 for the perfectly L10 or-
dered FePt phase.12 The high Ku leads to the thermal stability
of magnetization down to the nanometer region. In addition,
it has a potential for spin electronic devices since a high spin
polarization of conduction electrons was suggested.13
In a previous paper,14 we also reported that current-
perpendicular-to-plane giant magnetoresistance CPP-GMR
was successfully observed in nanopillars with FePt layers.
However, there has been no report of CIMS in hard magnetic
materials containing heavy metal elements such as Pt.
In this study, FePt/Au/FePt nanopillars with CPP geom-
etries were fabricated, and CIMS has been demonstrated in
the FePt layer. Although the FePt layers used in the present
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degree of long-range chemical order, Ku showed a fairly
large value of the order of 106 ergs/cm3.
EXPERIMENTAL PROCEDURE
All layers were prepared on MgO 110 single crystal
substrates using an ultrahigh vacuum magnetron sputtering
system with separate targets of Fe purity: 99.99%,
Pt 99.99% , and Au 99.9% . The base pressure was
below 110−9 Torr, and high purity argon was flown during
sputtering. The film structure was MgO substrate/
Fe 1 nm /Au 100 nm /FePt 1.5 nm /Au 5 nm /FePt
20 nm /Pt 100 nm, where the Fe layer of 1 nm, the Au
layer of 100 nm, and the Pt layer of 100 nm were seed,
buffer, and capping layers, respectively. All layers were de-
posited at room temperature. The composition of the FePt
layers was determined to be Fe56Pt44 by electron probe x-ray
microanalysis and inductively coupled plasma atomic emis-
sion spectroscopy. The preferential crystallographic orienta-
tion perpendicular to the film plane was the 110 direction,
which was confirmed by the x-ray diffraction pattern. The
magnetization curves of an FePt thin film measured by a
superconducting quantum interference device SQUID mag-
netometer showed a Ku of 210
6 ergs/cm3 along the in-
plane 001 direction at 77 K.
CPP geometry elements were fabricated using electron
beam lithography and Ar ion etching. A schematic illustra-
tion of the nanopillar of the present sample is shown in Fig.
1. First, the bottom electrode was patterned on the thin film.
Then, the film was etched to the Au buffer layer with a
negative resist SAL601 mask of a pillar shape. The pillar
size was 0.10.25 m2, and both top and bottom FePt lay-
ers were microfabricated into the pillar shape. After pattern-
ing the pillar, an Al–O insulating layer of 100 nm was de-
posited and the resist mask was lifted off. Finally, the top
electrode of Pt was formed using a lift-off process.
Transport properties were measured by a conventional
dc four-probe method. Current flowing from the thinner FePt
layer to the thicker FePt layer is defined as the positive cur-
rent direction.
© 2006 American Institute of Physics21-1
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Figure 2 shows the MR curves measured at 77 K. The
current I for the measurement was kept at 0.5 mA. The
open and closed circles denote the data with and without
initially applying I=−40 mA. The external magnetic field
Hex was applied along the long axis of the pillars in the
film plane, which corresponds to the easy magnetization axis
of the FePt layers. At I=0.5 mA, no resistance change is
observed in the range of Hex= ±7 kOe. Once I=−40 mA is
applied, however, the increase of the resistance is observed at
Hex=0 Oe. With increasing Hex, the resistance drops to the
initial low value at 0.9 kOe and remains constant even after
reversing the magnetic field. The measured resistance change
R is 7.6 m.
The results of resistance R vs I measured at 77 K are
shown in Fig. 3. The values of Hex during the measurement
are a 0, b 150, c 300, d 450, and e 600 Oe. The
current was swept in the range of ±50 mA. The inset arrows
denote the directions of current sweeping. Before the mea-
surement of resistance, Hex=2 kOe was applied to achieve
the parallel alignment of magnetizations in the two magnetic
layers. For Hex=0 Oe, a steep increase and a decrease of the
resistance are clearly observed in the negative and positive
current regions, respectively. At I=−23 mA, R changes from
the low value to the high value, and R is 7.7 m. This
value is in agreement with that obtained from the MR curve
shown in Fig. 2. With increasing Hex, the R-I curves show a
clear hysteretic transition of R, and the value of the current
for the resistance change shifts to the negative direction.
These experimental results are interpreted as the spin transfer
FIG. 1. A schematic illustration of the nanopillar. The black and white
arrows denote the directions of current and electron flows, respectively.
FIG. 2. Magnetoresistance curves measured at 77 K. The closed circles
denote the data measured at I=0.5 mA, and the open circles denoted those
measured at I=0.5 mA after applying I=−40 mA.
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that theory, the negative current in this study electron flow-
ing from the thinner to thicker FePt layers changes the mag-
netization of the thin FePt layer from a parallel to an anti-
parallel alignment, and the magnetization alignment switches
from antiparallel to parallel in the positive direction of the
current. Then, the high and low values of the resistance are
attributable to the antiparallel and parallel alignments, re-
spectively, of the magnetizations of the two FePt layers. Fur-
thermore, the increase of Hex supports the parallel alignment
of magnetizations, resulting in the increase of the low resis-
tance region in the R-I curves.
Figure 2 shows that no resistance change is observed
without applying I=−40 mA. The reason for this is that the
difference in the coercivities of the top and bottom FePt lay-
ers is so small that the antiparallel alignment of magnetiza-
tions is not achieved by the magnetic field. The high value of
the resistance in the MR curve after applying I=−40 mA
means the achievement of the antiparallel alignment of mag-
netizations by CIMS. The CPP-GMR effects in the samples
with larger pillar areas were also investigated, and it was
confirmed that the product of R and the pillar area showed
a constant value in the present and other samples with dif-
ferent pillar sizes.
Figure 4 shows the critical current density Jc for the
magnetization switching as a function of Hex. The open
closed circles represent JcAP-P JcP-AP from antiparallel
parallel state to parallel antiparallel state. As Hex in-
creases, JcP-AP increases linearly. On the other hand, JcAP-P
monotonically decreases from Hex=0 to 600 Oe, and Jc
AP-A
suddenly moves into the negative region at Hex=675 Oe.
With further increasing Hex to 750 Oe, no hysteretic transi-
tion of R is observed. The Hex dependence of Jc for the
present samples is similar to the results for nanopillars with
Co-based alloy mentioned in a previous paper.6 Jc
P-AP and
AP-P 8 8 2
FIG. 3. Resistance-current curves measured at 77 K. The external magnetic
fields are a 0, b 150, c 300, d 450, and e 600 Oe. The arrows denote
the sweeping directions of the current.Jc are estimated to be −0.910 and 1.710 A/cm ,
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fined as Jc
av=1/2JcP-AP  + JcAP-P is 1.3108 A/cm2.
Using the Slonczewski’s formulas for the spin transfer
switching,1 the current densities for switching are calculated
to be Jc
P-AP=−2.0108 A/cm2 and Jc
AP-P=0.4
108 A/cm2 for the present samples. The parameters used
are Ku of 210
6 ergs/cm3, a saturation magnetization
Ms=1270 emu/cm3, which was obtained from the magne-
tization curve, a damping constant  of 0.05,15 and a spin
polarization factor P of 0.4. P was estimated from the re-
sults of the CPP-GMR effect reported previously.14 The ex-
perimental values of Jc show the relation of JcP-AP 
 JcAP-P, which does not agree with JcP-AP   JcAP-P ob-
tained from the calculation. One of the possible reasons for
this discrepancy is the effect of dipole coupling between the
FePt layers because both FePt layers are patterned. Another
reason may be the modification of the efficiency of spin
transfer caused by a short spin diffusion length in FePt,
which was also pointed out in GMR pillars with Permalloy.16
However, the theoretically calculated value of Jc
av=1.2
108 A/cm2 is almost consistent with the experimental re-
sult. This implies that the mechanism of CIMS in the FePt
alloy is interpreted within the framework of the theory for
spin transfer switching. In order to investigate the influence
of the large spin-orbit interaction of FePt on the mechanism
FIG. 4. Current density of magnetization switching as a function of the
external magnetic field. The open closed circles represent the results from
antiparallel parallel state to parallel antiparallel state.of CIMS, further experiments and theories are required.
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CPP-GMR nanopillars with FePt/Au layers were fabri-
cated, and CIMS was successfully observed in the FePt layer
with Ku of 210
6 ergs/cm3. Changes of resistance due to
the switching of the magnetization alignment were clearly
observed at 77 K by sweeping current, and the value of R
was consistent with that observed in the MR curve. The cur-
rent densities for the magnetization switching were obtained
to be Jc
P-AP of 0.9108 A/cm2 and Jc
AP-P of 1.7
108 A/cm2, and Jc shifted depending on the external mag-
netic field. These results are interpreted as a spin transfer
switching.
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